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(54) Biosensor and method for quantitative measurement of a substrate using the same 



(57) A biosensor is disclosed for application to a 
method for quantitative measurement of a substrate 
comprising a first step of causing a substrate contained 
in a sample to react with an oxkloreductase specific to 
the substrate in the presence of an electron mediator in 
oxidized state, a second step of applying a potential to a 
working electrode for reducing tiie electron mecfiator in 
oxidized state that remains not reduced in the first stepi 
and a third step of measuring a reduction cunrent flow- 
ing across the working electrode and a counter elec- 
trode. The biosensor comprises an electrically 
insulating base plate, an electrode system having a 
working electrode and a counter electrode formed on 
the base plate, and a reaction layer which is formed on 
or in the vidnity of the electrode system and contains at 
least an oxidoreductase and an electron mediator, the 
counter electrode including at least a reductant of a 
redox compound or an electrolytically oxidizable metal. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention r^ates to a biosensor for 
fecilltating simple and high accuracy quantitation of a 
siit)strate and a method for quantitative measurement of 
a substrate using the same. 
[0002] There has been a conventional simple method 
tor quantitating a specific component in a sample solu- 
tion with no dilution or agitation of the sample solution. 
This method causes the specific component to react 
with an oxidoreductase whose substrate corresponds to 
the specific component in the presence of an electron 
mediator or electron acceptor and subsequently oxi- 
dizes tfie electron mediator reduced by the enzyme 
reaction electrochemicalty The concentration of the 
specific component is then determined from the oxida- 
tion current flowing during this electrochemical cxida- 
tton. 

[0003] This method normally uses a biosensor as dis- 
closed in Japanese Laid-Open Patent Publication No 
2,517,153. 

[0004] The biosensor is produced by first forming an 
electrode system having a working electrode and a 
counter electrode on an electrically insulating l>ase 
plate by a screen printing method or the like, subse- 
quently forming a reaction layer including an oxidore- 
ductase and an electron mediator on the electrode 
system, and finally bonding a cover and a spacer to the 
electrically insulating base plate. 
[0005] This biosensor fadlrtates quantitation of vari- 
ous specific components by varying the oxidoreductasa 
[0006] A glucose sensor will be described as an 
example of biosensor. 

[0007] Conventionally known method for quantitative 
measurement of glucose is a system comprising a com- 
bination of glucose oxidase with an oxygen electrode or 
a hydrogen peroxide electrode (e.g., "Biosensor", ed. by 
Shuichi Suzuki, Kodansha. Japan). 
[0008] Glucose oxidase selectively oxidizes a sub- 
strate p-D-glucose to D-glucono-&-lactone by utilizing 
oxygen dissolved in a sample solution as an electron 
mediator. When the substrate is oxkized by the glucose 
oxidase, the oxygen used as the electron mediator is 
reduced to hydrogen peroxkie. The glucose concentra- 
tion can be quantitated either by measurement of the 
volume of oxygen consumed during this reactk)n using 
an oxygen electrode or by measurement of the vdimie 
of hydrogen peroxide produced using a hydrogen perox- 
ide electrode of platinum or the like. 
[0009] However, this method has a drawback that the 
measurement is largely affected by the concentration of 
oxygen contained in a sample solution, depending on 
the measuring ot^ect. This system has another draw- 
back that the system cannot hinction in the absence of 
oxygen. 

[001 0] To overcome these problems, a type of glucose 



sensor has been developed which includes an organic 
compound or a metal complex such as potassium f^nl- 
cyanide. ferrocene derivatives, quinone derivatives, etc. 
as electron mediator, in place of oxygen. 

5 [0011] This biosensor can carry a known amount of 
glucose oxkJase on an electrode system, together with 
an electron mediator in their stabilized stata This struc- 
ture enables to combine the electrode system with the 
reactton layer integrally almost in dry state. 

10 [P012] Such bk)sensor ts normally disposable and 
facilitates measurement of the concentration of glucose 
by a simple instillation of a measuring sample at a sen- 
sor chip mounted in a measurement device. Therefore, 
this biosensor has been attracting much attention 

IS recently. 

[0013] As desaibed above, the substrate in a sample 
can be quantitated based on the current required for oxi- 
dizing the reductant of the electron mediator which has 
been produced by a series of enzyme reaction on the 

20 electrode. 

[0014] However, some samples are assumed to con- 
tain an easy-to-oxidize substance which is oxkjized 
upon oxkiatton of an electron mediator in reduced state 
on the electrode to generate an oxkiation current and 

25 hence produces a positive error in the current value 
measured. Moreover, if the measuring sample contains 
a high concentration of substrate, the oxkjation cunrent 
value nr»y vary. 

[001 5] In order to solve these problems, the present 

30 inventors propose a method for quantitative measure- 
ment of a substrate l>ased on the reduction cunent 
value which flows during reduction of the electron medi- 
ator In oxMized state on the working electrode which 
remains not reduced by a series of enzyme reaction. 

35 This method precludes adverse effects of any easy-to- 
oxidize sut>stance on the measurement results. 
[001 6] However, if the reductk>n cunrent value is meas- 
ured with a two-electrode system comprising a working 
electrode and a counter electrode, then the presence of 

40 some amount of electron mediator in reduced state 
which nHist be oxklized on the counter electrode in cor- 
respondence with the reduction of already oxklized 
electron mediator on the working electrode becomes 
mandatory. Wrth this system, however, if the sut)strate 

45 concentration is predicted to be k>w. the electron medi- 
ator in reduced state may be depleted, wtiich renders 
the oxidation on the counter electrode to develop a rate- 
determining step that adversely affects the reduction 
current value measured. 

so 

BRIEF SUMMARY OF THE INVENTION 

[001 7] The object of the present invention is therefore 
to provide a biosensor facilitating high accuracy quanti- 
55 tation of a substrate concentration in a sample by elimi- 
nating the above-mentioned inconveniences. 
[0018] Another object of the present invention is to 
provkJe a method fa simple and high performance 
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quantitative meaeurement of a substrate with high accu- 
racy with the aid of this biosensor. 
[0019] The present invention provides a biosensor 
comprising an electricafly insuiating base plate, an elec- 
trode system having a working electrode and a counter 
electrode formed on the base plate, and a reaction layer 
which is formed on or In the vicinity of the electrode sys- 
tem and contains at least an oxidoreductase and an 
electron mediator, wherein the counter electrode 
includes at least a reductant of a redox compound or a 
metal permitting electrolytic oxidation. 
[0020] The present invention also provides a method 
for quantitative measurement of a substrate by using 
the above-mentioned biosensor, comprising a first step 
of adding a sample to the reaction layer to cause a sub- 
strate contained in the sample to react with an enzyme 
contained in the reaction layer, a second step of apply- 
ing a potential to the working electrode for reducing the 
electron mediator in oxldtzed state that remains not 
reduced in the course of the first step, and a third step 
of measuring a reduction current flowing across the 
working electrode and the counter electrode. 
[0021 ] In a preferred nrKxJe of the invention, the coun- 
ter electrode includes ferrocene or a ferrocene deriva- 
tive as the redox compound. 
[0022] In another preferred nnode of the invention, the 
counter electrode includes silver or copper as the elec- 
trolytically oxklizable metal. 

[0023] In still another preferred mode of the invention, 
the counter electrode is composed of a mixture of at 
least an electrolytically oxidizable metal with cartx)n. 
[0024] While the novel features of the invention are set 
forth particularly in the appended claims, the invention, 
both as to organization and content, will be better 
understood and appreciated, atong with other objects 
and feature thereof, from the following detailed 
desaiption taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

[0025] 

FIQ. 1 is an exploded perspective view of a glucose 
sensor with an ontission of the reaction layer in one 
example of the present invention. 
FIQ. 2 is a vertical cross-sectional view illustrating 
the vHal part of tiie glucose sensor with an omission 
of tiie spacer and the cover. 

DETAILED DESCRIPTION OF THE INVENTION 

[0026] As stated above, tiie method for quantitative 
measurement of a sut>strate in accordance with the 
present invention adds a sanrple to the reaction layer to 
cause the substrate to react with the enzyme. As the 
enzyme reaction proceeds, the electron mediator con- 
tained in the reaction layer is reduced to the extent to 



reflect the concentration of substrate in the sample. 
Then, a potential is applied to the working electrode to 
reduce tiie electron mediator in oxidized state which 
remains not reduced during the enzyme reaction 
5 thereby to generate reduction current. The substrate 
concentration is then determined by measuring the 
reduction current flowing across the two electrodes. 

[0027] In this metiiod, if the anfx>unt of electron medi- 
ator is hekJ at a constant level in the reaction Ic^er, ttie 

10 reduction current reflects the concentration of substrate 
in the sample sharply Therefore, if a reduction cunrent 
value of a standard solution containing a known amount 
of substrate is calibrated preliminarily to obtain a refer- 
ence callbnition curve, the sut)strate concentration in a 

75 sEUfnple can be quantitatively determined based on the 
reference. 

[Q028] As such, tiie present invention quantifies a sub- 
strate based on the reduction current, which prevents 
the reduction cunrent from being adversely affected by. if 

20 any. ttie presence of an easy-to-oxidize substance. 
[0029] FurthernrK>re. as described above, ttie counter 
electrode includes at least a reductant of a redox com- 
pound or an electrolytically oxidizable metal. This con- 
figuration prevents the oxidation on the counter 

2S electrode from entering tiie rate<letermining st^ in tiie 
course of measurement of reduction cun-ent values on 
the working electrode, even if the sample contains a low 
concentration of substrate and hence the available elec- 
tron mediator in reduced state generating by the 

30 enzyme reaction is small in amount. 

[0030] The biosensor in accordance with tiie present 
invention includes an improved counter electrode, 
which precludes a concern about influences of ttie 
counter electrode on sensor preservation. Certain 

35 redox compounds may have adverse effects on the sen- 
sor preservation; therefore, if a redox conpound is to be 
added to the enzyme layer. It is essential to examine its 
effect preliminarily. The present invention includes a 
reductant of a redox compound or an electrolytically oxi- 

40 dizable metal in the counter electrode, which configura- 
tion produces an advantage ttiat they can be added in a 
larger amount if tiie substrate concentration is high, 
compared to a biosensor which adds ttiose components 
in the reaction layer. 

45 [0031 ] It is better ttiat the amount of redox compound 
or electrolytically oxklizable metal to be contained In ttie 
counter electrode is larger than tiie amount of electron 
mediator to be contained in the reaction layer. 
[0032] Preferaiily used redox compounds may be 

so exemplified as ferrocene, a ferrocene derivative such as 
vinyl ferrocene, a metal conplex. hydroquinone. etc. 
[0033] On the ottier hand, preferred electrolytically 
Qxkfizable metal includes silver and copper, but Iron, 
zinc and the like may also be used. 

55 [0034] This metal can be ground into a powder and 
mixed witti a binder to make a paste for use in ttie coun- 
ter electrode by printing the paste directly on a base 
plate. Thte simplifies the manufacturing process of a 
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sensor 

[0035] A counter electrode comprising a mixture of a 
powder of the metal with a cartx)n powder and a binder 
can reduce the production cost, which Is preferable. 
[0036] It is also preferable to coat the entire surface of 
the electrode system formed on the base plate with a 
layer of a hydrophiiic polymer so as to avoid possible 
contact of the enzyme and electron mediator in the 
reaction layer or possible adsorption of protein in the 
sample with or onto the surface of the electrode system. 
[0037] Available hydrophiiic polymers for forming the 
hydrophiiic polymer layer include polyvinyl pyn^olidone. 
polyvinyl alcohol, polyamino acid such as pdylysine, 
polystyrene sulfonate, gelatin and its derivative, a poly- 
mer of acrylic add or an acrytate, a polymer of meth- 
acrylic acid or a methacrylate. starch and its derivative, 
a polymer of maleic anhydride or a maleate. cellulose 
derivatives such as cartx>xym6thyl cellulose, hydroxy- 
propyl cellulose, mettiyl cellulose, ettiyl cellulose, 
hydroxyethyl cellulose, ethylhydroxyethyl cellulose, car- 
boxymethyiethyl cellulose or the like. Anrong them, car- 
boxymethyl cellulose, hydroxyethyl cellulose, 
hydroxypropyl cellulose, metii^ cellulose, ethyl cellu- 
lose, ethylhydroxyetiiyl cellulose and carboxymethyle- 
thyl cellulose are preferred. 

[0038] As the electron mediator to be contained in the 
reaction layer, potassium fenicyanide, p-benzoquinone. 
phenazine methosuHate, methylene blue, ferrocene 
derivatives, or the like way be used. 
[0039] Applicable oxidoreductases include glucose 
oxidase, glucose dehydrogenase, alcohol oxkiase, lac- 
tate oxklase, lactate dehydrogenase, fructose dehydro- 
genase, uricase, cholesterol oradase. cholesterol 
esterase, xantiiine oxidase, amino acM oxidase and the 
like. 

[0040] A combination of plural oxidoreductases may 
also be used, for example, glucose oxidase plus inver- 
tase, glucose oxidase plus invertase plus nutarotase, 
fructose dehydrogenase plus invertase, or the like. 
[0041 ] The enzyme and the electron mediator may be 
dissolved in the sample solution, or prevented from 
being dissolved in the sample solution by fixing the 
reaction layer to the base plate. If tiie latter configuration 
is adopted, it is preferred for the reaction layer to furtiier 
contain one of the hydrophiiic polymers exemplified 
above. 

[0042] IhB reaction layer may further contain a pH 
buffer. The pH buffer may be exemplified as potassium 
dihydrogen phosphate-dqsotassium phosphate, potas- 
sium dihydrogen phosphate-disodium phosphate, 
sodium dihydrogen phosphate-dipotassium phosphate, 
sodium dihydrogen phosphate-disodium phosphate, cit- 
ric acid-disodium phosphate, dtric add-cfipotassium 
pho^ate. dtric add-trisodium citrate, citric acid-tripo- 
tassium citrate, potassium dihydrogen citrate-sodium 
hydroxide, sodium dihydrogen dtrate-sodium hydroxkle, 
sodium hydrogen maleate-sodium hydroxkie. potas- 
sium hydrogen phthalate-sodium hydroxkJe. sucdnic 



add-sodium tetraborate, maleto add-tris(hydrQxyme- 
thyQaminomethane, tris(hydrQxymethyOaminometiiane- 
tris(hydroxymethyl)aminoetiiane hydrochlorkJe, [N-(2- 
hydraxyettiyl)piperazine-N'-2-ethanesuIfonic add]- 
5 sodium hydroxide, [N-tris(hydroxymethyl)methyl-2-ami- 
noethanesuHbnic acdj-sodium hydroxide, and [pipera- 
zine-N.N'-bis(2-ethanesulfonic add)]-sodium hydroxkJe. 

[p043] A ledthin layer may also be formed on ttie reac- 
tion layer for smooth supply of a sample solution. 
10 [0044] In the following, the present invention will be 
described specif k^ally t>y way of concrete examples. 
[0045] In the t>elow-mentioned examples, although 
the working electrode, the counter electrode and tiie 
insulating layer were formed by specific printing pai- 
rs tems, the present invention is not limited to those pat- 
terns. Similarly, the voltage to be applied to the 
electrode is not fimited to that used in the below-men- 
tioned examples. 

[P046] FIQ. 1 shows an exploded perspective view of 
20 a two-electrode system glucose sensor with an onrtis- 
sion of the reaction layer. In tiie glucose sensor, a silver 
paste is printed on an electrically insulating base plate 1 
of polyethylene terephtiialate by the screen printing 
method so as to fcvm leads 2 and 3 on the base |^e1. 
25 Subsequently, a conductive cartx}n paste containing a 
resin binder is printed on the base plate 1 so as to form 
a working electrode 4. The working electrode 4 is In 
contact witii tiie lead 2. Then, an electrically insulating 
layer 6 is furtiier formed on tiie base plate 1 by printing 
30 thereon an insulating paste. The electrically insulating 
layer 6 covers tiie periphery of the working electrode 4 
so as to hokl tiie exposed area of the working electi'ode 
4 constant Thereafter, a conductive cartMn paste con- 
taining a resin binder and a redox compound or an elec- 
ts trolytically oxidizable metal, or a silver or copper paste 
induding a resin binder is printed on the base plate 1 so 
as to cause the paste to contact tiie previously formed 
lead 3. which formed a ring-like counter electrode 5. 
[D047] Then, the electrically insulating base plate 1 . a 
40 cover 9 having an air vent 11 and a spacer 10 are 
bonded to each other in a positional relationship as 
shown by the dotted chain line in FIQ. 1. which gives a 
bfosensor used as a glucose sensor in tiie below-men- 
tioned examples. The spacer 10 has a slit 13 for forming 
45 a sample supply path between the base plate and tiie 
cover. Numeral 12 corresponds to an opening of tiie 
sample supply path. 

[D048] FIG. 2 is a vertical cross-sectional view illus- 
trating vital parts of the biosensor in accordance with 

50 tiie present invention from whk:h the spacer and the 
cover are omitted. On the electrically insulating base 
plate 1 on which tiie electrode system is already formed 
as shown in FIG. 1 . a reaction layer 7 containing rea- 
gents induding an enzyme and an electron mediator is 

55 formed, above which a ledtiiin layer 8 is further formed 
later. 

[0O49] The reaction layer 7 is preferably formed on tiie 
electrode system, but It may be formed in the vfoinity of 
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the electrode system, for instance, on the cover side so 
as to be exposed to the sample supply path. 

Example 1 

[0050] As shown in FIG. 1, on the base plate 1, an 
electrode system having at least a counter electrode of 
a conductive cartXMi paste that includes a resin binder 
and ferrocene as the redox compound was formed first 
[0051 ] Then, the reaction layer 7 was fbnned by drop- 
ping a mixed aqueous solution of glucose oddase 
(EC1. 1.3.4; hereinafter refen-ed to as "GOD") with 
potassium femcyanide on the electrode system and 
drying it Subsequently, the lecithin leyer 8 was formed 
t>y dropping a toluene solution of lecithin on the reaction 
layer 7 and drying it. 

[0052] The cover 9 and the spacer 10 were then 
bonded to the base plate 1 in a positional relationship 
shown by the dotted chain line in FIG. 1 , which gave a 
glucose sensor used in this example. 
[0053] As a sample solution, an aqueous glucose 
standard solution (3 was supplied to the glucose 
sensor through the opening 12 of the sample supply 
path. The sample solution advanced to the air vent 1 1 
and dissolved the reaction layer 7 present above the 
electrode system. Upon dissolution of the reaction layer 
7. enzyme reaction where glucose contained in the 
sample solution is oxidized to gluconolactone by the 
GOD win take place. This enzyme reaction accompa- 
nies at the same time reduction of the ferricyanide ions 
to ferrocyanide ions. 

[0054] When a certain time had lapsed after supply of 
the sample solution, a voltage of -1 .0 V was applied to 
the working electrode 4 with reference to the counter 
electrode 5, which induced reduction of the potassium 
ferricyanide which was refractory to tiie reduction 
caused by the enzyme reaction on the working elec- 
trode. On the counter electrode, on the other hand, oxi- 
dation of fOTOcene contained in the counter electrode 
will take place to produce femdnium ions. The reduction 
current value flowing across the elecb'odes was meas- 
ured 5 seconds after application of tiie voltaga 
[0055] The current values measured using various 
aqueous standard solutions at different glucose con- 
centrations showed decreases with increases in the glu- 
cose concentration. This implies that the presence of 
ferrocene in tiie counter electrode secured a sufficient 
amount of a reductant in the reactton system and that 
tine current values depended on the amount of ferricya- 
nide ions to be reduced to ferrocyanide ions on the 
working electrode. The responsive current value meas- 
ured witti the glucose sensor showed high accuracy. 

Example 2 

[0056] In this example, an aqueous solution of car* 
boxymethyl cellulose (hereinafter abbreviated to 
"CMC") was dropped on the electrode system klentical 



to that of Example 1 and dried to form a CMC layer. The 
reaction layer and the ledtiiin layer were formed in this 
order on tiie CMC layer in the same manner as in Exam- 
ple 1. 

5 [0057] A glucose sensor was produced in the same 
manna- as in Example 1 to measure the sensor 
responses to various glucose standard solutions. The 
results showed similar response characteristics for ttie 
glucose sensa of this example to those of Example 1. 

10 demonstrating less variations. 

Examples 

[0058] In this example, the responsive current value of 
IS the glucose sensor was measured in the same manner 
as in Example 2, except for the use of various aqueojs 
glucose standard solutions containing known amounts 
of ascort)ic ackH as the sample solutions. 
[0059] The results showed that tiie glucose sensor 
20 had similar response characteristics to those of Exam- 
ple 2 which used mere aqueous glucose standard solu- 
tions witti no ascorbic acid. 

Comparative Example 1 

[0060] As a comparative example, kientical glucose 
sensor and aqueous glucose standard solutions con- 
taining ascortxc acki to those of Example 3 were used 
to measure oxkJation current values flowing 5 seconds 

30 after application of a voltage of 0.5 V to the working 
electrode using the counter electrode as reference. 
[0061 ] The results showed that the responsive cunrent 
values were elevated as tfie amount of ascorbic acki 
contained in the aqueous glucose standard solution 

35 increased. 

Example 4 

[0062] A glucose sensor was produced in the same 
40 manner as in Example 2 except for the use of vinyl fer- 
rocene as the redox compound and measured for its 
responses to the aqueous glucose standard solutions. 
The glucose sensor of Example 4 demonstrated similar 
response characteristics to those of Example 2. 

45 

Examples 

[0063] A glucose sensor was produced in the same 
manner as in Example 1 except for the use of a silver 

so paste to form the counter electrode 5 shown in FIG. 1 . 
[0064] Similar to Example 1, an aqueous glucose 
standard solution (3 (U) as a sample solution was sup- 
plied to the glucose sensor through the opening 12 of 
the sample supply path. The sample solution advanced 

55 to the air vent 11 and dissolved the reaction layer 7 
present above the electrode system. Upon dissolution 
of the reaction layer 7, enzyme reaction where glucose 
contained in the sample solution is oxkJized to gluconol- 
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actone by the GOD will take place. This enzyme reac- 
tion accompanies at the same time reduction of the 
ferrlcyanide ions to ferrocyanide ions. 

[0065] When a certain time had lapsed after suppfy of 
the sample solution, a voltage of -0.8 V was applied to 
the wortdng electrode 4 with reference to the counter 
electrode 5. which induced reduction of the ferricyanide 
ions which remained not reduced by the enzyme reac- 
tion on the working electrode to generate ferrocyanide 
ions. On tiie counter electrode, on the ottier hand, oxi- 
dation of silver contained in the counter electrode will 
take place to produce silver Ions. The reduction current 
value flowing across the electrodes was measured 5 
seconds after application of the voltaga The cu^ent val- 
ues measured using various aqueous glucose standard 
solutions showed decreases witii increases in the glu- 
cose concentration. This implies that tiie presence of 
silver in the counter electrode secured a sufficient 
amount of a reductant in the reaction system and tiiat 
the current values depended on ttie anrxsunt of fen^icya- 
nide ions to be reduced to ferrocyanide ions on the 
working electrode. The responsive current value meas- 
ured witii ttie glucose sensor showed high accuracy. 

Examples 

[0066] A glucose sensor was produced in the same 
manner as in Example 5 except for the use of a copper 
paste In place of silver paste to form the counter elec- 
trode 5 and measured for its responses to various aque- 
ous glucose standard solutions. The glucose sensor of 
this example showed similar response characteristics to 
those of Example 5. 

Example? 

[0067] AnoUier glucose sensor was produced in the 
same manner as in Example 5 except for the use of a 
mixed paste of silver and carbon to form the counter 
electrode and measured for its responses to various 
aqueous glucose standard solutions. The glucose sen- 
sor of Example 7 showed similar response characteris- 
tics to those of Example 5. 

Examples 

[0068] In tiiis example, ttie responsive current value of 
the glucose sensor of Example 5 was measured in the 

same manner as in Example 5. except for the use of 
various aqueous glucose standard solutions containing 
known amounts of asoortxc add as ttie sample solu- 
tions. 

[0069] The results showed kientical response charac- 
teristics for the glucose sensor of Example 8 to those of 
Example 5 which used mere aqueous glucose standard 
solutions witti no ascort)ic ackJ. 



Comparative Example 2 

[0070] As a comparative example, the same glucose 
sensor as in Exanple 5 and various aqueous glucose 

5 standard solutions containing ascorbic acid as in Exam- 
ple 8 were used. The glucose sensor was applied with a 
voltage of 0.5 V to the working electrode using tiie coun- 
ter electrode as reference and the coddation current 
value fkJwing aaoss ttie electrodes was measured after 

10 5 seconds. The results showed Increased responsive 
current values with the increases in tiie ascorbic ackJ 
concentration in ttie aqueous glucose standard solution. 
[D071] Although the present invention has been 
described in terms of the presenfly preferred embodi- 

IS ments, it is to be understood that such disclosure Is not 
to be interpreted as limiting. Various alterations and 
nrxxfifications wilt no doubt become apparent to those 
skilled in the art to which the present Invention pertains, 
after having read ttie above disclosure. Accordingly, it is 

20 intended ttiat the appended claims be Interpreted as 
covering all alterations and modifications as fall wittiin 
the true spirit and scope of the invention. 

Claims 

25 

1. A biosensor comprising an electrically insulating 
base plate, an electrode system having a working 
electrode and a counter electrode formed on sakJ 
base plate, and a reaction layer which is formed on 

30 or in the vicinity of sakl electrode system and con- 
tains at least an oxidoreductase and an electron 
mediator, said counter electrode including at least a 
reductant of a redox compound or a metal permit- 
ting electrolytic oxidation. 

35 

2. The biosensor in accordance witii claim 1 . wherein 
sakJ redox compound is ferrocene or a ferrocene 
derivative. 

40 3. The biosensor in accordance with claim 1 , wherein 
said counter electrode is composed of a mixture of 
at least one electrolytically oxkiizable metal witti 
cartxMfi. 

45 4. The biosensor in accordance with claim 1 , wherein 
said electrolytically Qxxjizak)le metal is silver or cop- 
per. 

5. The biosensor in accordance with claim 1 . wherein 
so saKi reaction layer furttier contains a hydrophilic 

polymer. 

6. A mettiod for quantitative measurement of a sub- 
strate by using a biosensor which comprises an 

65 electrically insulating base plate, an electrode sys- 
tem having a working electrode and a counter elec- 
trode including at least a reductant of a redox 
compound and an electrically oxidizable metal, 
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both being formed on said base plate, and a reac- 
tion layer which is formed on or in the vicinity of said 
electrode system and contains at least an oxidore- 
ductase and an electron mediator, said method 
comprising: 5 

a first step of adding a sample to said reaction 
layer to cause a substrate contained in said 
sample to react with an enzyme contained in 
said reaction layer. 

a second step of applying a potential to said 
working electrode for reducing said electron 
mediator in oxidized state that remains not 
reduced in the course of said first stepi and 
a third step of measuring a reduction current 
flowing aaoss said working electrode and said 
counter electrode. 



20 



25 



30 



35 



40 



45 



SO 



10 



IS 



7 



EP0909952A2 




8 



EP0909 952 A2 



« 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 



Ul BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFER£NCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




